Stimulation of the B-cell antigen receptor (BCR) triggers a series of cellular responses, such as altered gene transcription, changes in cell metabolism, and internalization of BCR-antigen complexes (8) . These events require the activation of different signal transduction pathways. A few have been identified but are only partly understood. Biochemical and genetic evidence indicates a critical role for the early activation of protein tyrosine kinases (PTKs) of the Src and Syk family (16) . Upon BCR aggregation, one or more of these PTKs phosphorylates immunoreceptor tyrosine-based activation motifs (ITAMs) in the cytoplasmic tail of the BCR signaling components Ig-␣ and Ig-␤ (29) . An important function of phosphorylated ITAMs is the binding of SH2 domains of cytoplasmic signaling proteins. SH2-mediated binding of Src and Syk family kinases to phosphorylated ITAMs leads to increased PTK activity and enhanced substrate phosphorylation (8, 16, 29) .
Some PTK substrate proteins in activated B cells have been identified, providing important insight into the molecular mechanisms of the functional coupling of the activated BCR to certain signaling cascades. Upon tyrosine phosphorylation, phospholipase C-␥ becomes activated and hydrolyzes phosphoinositides. The resulting second messengers induce elevation of intracellular Ca 2ϩ and activation of protein kinase C (8, 16) . Other PTK substrates, such as HS1 and p120GAP, are implicated in the regulation of gene transcription and activation of the ras/mitogen-activated protein kinase pathway, respectively (14, 46) . The reorganization of the actin cytoskeleton in antigen-stimulated B and T cells is ITAM dependent (6, 19) and requires tyrosine phosphorylation of Vav (12, 15) , a guanine nucleotide exchange factor for the Rho family of small G proteins (7) . The importance of actin-dependent signaling pathways has been demonstrated by the recent analysis of Vav-deficient mice. TCR-stimulated T cells from these mice show severe defects in cap formation, cytokine production, Ca 2ϩ mobilization, and cell cycle progression (12, 15, 37, 47) .
However, with the exception of Vav, little is known about the intracellular effector molecules that could link antigen receptor stimulation to components of the cytoskeleton.
Although it is likely that BCR-regulated effector proteins have a defined subcellular localization, the structural organization of signaling cascades within the living cell is largely unknown. We have suggested that the resting BCR recruits and organizes its intracellular effector proteins (such as PTKs and their substrates) into a multimeric signaling complex (29, 42) . This could allow the rapid and selective activation of BCR-specific signaling pathways, even when downstream elements are common to the BCR and other receptors. The formation of signaling complexes seems to depend on the function of adapter proteins (26, 39, 43) . Adapter proteins do not possess enzymatic activity but contain conserved sequence motifs of 60 to 140 amino acids which mediate specific proteinprotein interactions (25) . These motifs were initially identified as regions of similarity among different proteins. It is now known that many of the amino acid motifs fold into a compact domain structure which functions as a protein module that is largely independent of the surrounding sequences (25) . Two of the best-studied protein modules are SH2 and PTB domains, which recognize phosphotyrosine-containing peptide ligands (2, 22) . SH3 and WW domains bind to proline-rich peptides (3, 21) , while binding of PH domains to phosphoinositides can tether cytoplasmic proteins to the plasma membrane (18) .
In this report, we identify a 55-kDa phosphoprotein from activated B cells, SH3P7, whose cDNA was previously isolated in a screen for novel SH3 domain-containing proteins (35) . Further analysis showed that SH3P7 contains multiple sequence motifs for protein-protein interactions. A region of sequence similarity to actin-binding proteins, which we called SCAD, could represent a novel protein module. Finally, confocal microscopy reveals an association of SH3P7 with components of the actin cytoskeleton.
MATERIALS AND METHODS

Materials.
The phenotype and culture conditions of the lymphoid cell lines and the mouse macrophage cell line S388 have been described previously (42) . NIH 3T3 fibroblasts were maintained in Dulbecco modified Eagle high-glucose medium supplemented with 10% fetal calf serum, 2 mM L-glutamine, 50 U of penicillin per ml, and 50 mg of streptomycin per ml. Mouse splenic B cells were enriched from freshly isolated spleens by depletion of CD43 ϩ cells by using the MACS system (Miltenyi Biotec, Cologne, Germany). Immobilized PT66 antiphosphotyrosine-agarose beads (Sigma-Aldrich, Deisenhofen, Germany) and soluble 4G10 antiphosphotyrosine antibodies (Upstate Biotechnology, Lake Placid, N.Y.) were used for precipitation and immunoblot analysis, respectively. Anti-Flag antibodies were purchased from Integra Biosciences, Fernwald, Germany. Polyclonal anti-SH3P7 antibodies were produced by immunizing rabbits with KLH-coupled peptides corresponding to amino acids 334 to 352 (EP-TYEVPPEQDTLYEEPPL) and 260 to 273 (APHPREIFKQKERAM) of the SH3P7 protein. The antibodies obtained were (i) 85-B2 and 86-B2 and (ii) 87-B2 and 88-B2, respectively.
Protein biochemistry. Stimulation of cells via their antigen receptors or with pervanadate-H 2 O 2 , immunoprecipitations, and Western blot analysis were described previously (1, 42) . Large-scale purification of tyrosine-phosphorylated proteins and amino acid sequence analysis of their peptides have been described previously (43) . Briefly, a total of 10 10 J558L␦m7.1 cells were stimulated in aliquots of 3 ϫ 10 7 cells/ml for 3 min with 50 M pervanadate-H 2 O 2 , and precleared lysates were subjected to immunoprecipitation with agarose-conjugated antiphosphotyrosine antibodies. Bound proteins were specifically eluted with 50 mM phenyl phosphate-200 mM NaCl, concentrated, separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and stained with Coomassie blue. The 55-kDa protein band was excised and subjected to in-gel digestion with lysyl endopeptidase C (Lys-C), and the resulting, highpressure liquid chromatography-purified peptides were sequenced (TOPLAB, Munich, Germany).
In vitro kinase assay. Twenty micrograms of glutathione S-transferase (GST) or GST fusion proteins was incubated with baculovirus-expressed Lyn, Blk, or Syk for 15 min at 37°C in 500 l of kinase buffer containing 50 mM Tris (pH 7.4), 5 mM MnCl 2 , 0.1 mM NaVa 3 , and 200 M ATP. Phosphorylated proteins were detected by 4G10 immunoblotting.
DNA constructs, purification of recombinant fusion proteins, and transfections. The mouse SH3P7 cDNA was amplified from poly(A) ϩ RNA of J558L cells by reverse transcription-PCR with the primer pair 5Ј-GCCAGGTCTCGG CCTCAC-3Ј and 5Ј-GGACCGTGGGGCGTGCCA-3Ј. The PCR product was cloned into pTZ19 via the SmaI restriction site (pTZ-SH3P7) and sequenced. To produce constructs encoding fusion proteins between the GST and SH3P7, a KpnI/BamHI restriction fragment of pTZ-SH3P7 was isolated, and the singlestranded 5Ј and 3Ј ends were removed by using the exonuclease and polymerase activities of the Klenow enzyme, respectively. Subsequently, the blunt-end fragment was cloned in reverse orientation into SmaI-digested pUC19 (p19-SH3P7). To obtain pRP-SH3P7, a KpnI/HindIII fragment of p19-SH3P7 encompassing the complete SH3P7 coding sequence was ligated via the same restriction sites into pRP261, a derivative of pGEX-3X (Pharmacia, Freiburg, Germany). Constructs coding for GST fusion proteins that contain either amino acids 1 to 337 (pRP-SCAD) or 303 to 433 (pRP-SH3pp) were generated by deleting the NdeI/ XbaI fragment or the KpnI/EagI fragment of pRP-SH3P7, respectively. All constructs were transformed in E. coli DH10B, and the expression of in-frame GST-SH3P7 fusion proteins of the predicted molecular weight was confirmed by SDS-PAGE and immunoblot analysis with anti-SH3P7 antibodies (data not shown). Induction and purification of the fusion proteins was performed according to the manufacturer's instructions, except that a French press was used to break up the bacteria.
Expression vectors for SH3P7-Flag. The BstXI/BamHI fragment of p19-SH3P7 was replaced with annealed synthetic oligonucleotides 5Ј-GTGGAACTCATAG AGGACTACAAGGACGACGATGACAAGTGAG-3Ј and 5Ј-GATCCTCAC TTGTCATCGTCGTCCTTGTAGTCCTCTATGAGTTCCACGTAG-3Ј (p19-SH3P7-Flag), and a KpnI/XbaI fragment coding for the SH3P7-Flag protein was inserted 3Ј of the cytomegalovirus promoter into pCDNA3 (Invitrogen, Carlsbad, Calif.). The Quick Change system (Stratagene, La Jolla, Calif.) was used for site-directed mutagenesis of single and double Y3F substitutions in p19-SH3P7-Flag. Primer combinations are 5Ј-GAAGAAGAACCTACATTTGAAGTACC CCCAG-3Ј and 5Ј-CTGGGGGTACTTCAAATGTAGGTTCTTCTTC-3Ј for Y337F and 5Ј-CCAGAGCAGGACACCCTCTTCGAAGAACCACCACTG G-3Ј and 5Ј-CCAGTGGTGGTTCTTCGAAGAGGGTGTCCTGCTCTGG-3Ј for Y347F. Mutations were confirmed by sequencing, and the KpnI/XbaI fragment of each vector was cloned into pCDNA3. For transient expression of SH3P7-Flag proteins, 3 ϫ 10 7 K46 cells in 300 l of RPMI were mixed with 15 g of plasmid DNA and electroporated (320 V at 950 F) with a Bio-Rad gene pulser. Analysis was performed after 36 h. The expression construct encoding a fusion protein between the enhanced green fluorescent protein EGFP and SH3P7 was created by inserting the EcoRI/BamHI fragment of p19-SH3P7 into pEGFPC1 (Clontech, Palo Alto, Calif.) digested with the same enzymes.
Analysis of GFP-SH3P7 by confocal laser scanning microscopy. NIH 3T3 cells were seeded on glass coverslides and transfected with constructs for EGFP and EGFP-SH3P7 by using the CaPO 4 method. Forty-eight hours after transfection, the slides were rinsed with ice-cold phosphate-buffered saline (PBS)-0.1% NaN 3 and cells were fixed with 3% paraformaldehyde on ice for 15 min. Slides were blocked on ice for 1 h with 10% fetal calf serum-PBS with gentle agitation. To stain the actin cytoskeleton, the slides were overlaid with a 1:400 dilution of tetramethyl rhodamine isocyanate (TRITC)-labelled phalloidin (Sigma-Aldrich, Deisenhofen, Germany) for 1 h on ice. After being washed three times for 10 min each) with 0.1% PBS, slides were mounted in Fluoromount G (Southern Biotechnologies, Birmingham, Ala.) and sealed. Confocal laser scanning microscopy was performed with a Leica Fluovert microscope equipped with an argon/krypton laser by using the fluorescein isothiocyanate (FITC) and TRITC filter settings to detect GFP and phalloidin, respectively.
RESULTS
Purification of SH3P7 from activated J558L␦m7.1 cells. Tyrosine-phosphorylated Lyn comigrates with a PTK substrate that could not be depleted with anti-Lyn antibodies (data not shown). To identify this (and other) PTK substrate(s), phosphotyrosine-containing proteins were affinity purified from pervanadate-H 2 O 2 -stimulated J558L␦m7.1 B cells with antiphosphotyrosine antibody columns and separated by SDS-PAGE, and a Coomassie-stained protein of about 55 kDa was digested with Lys-C. From two of the resulting peptide fragments, the amino acid sequences FVILNWTGEGVNDVRK (Lys C-48) and ASGANYSFHK (Lys C-15) were obtained. These sequences were compared to those in the databases and found to be identical to amino acid sequences predicted from a murine cDNA clone called SH3P7 (accession no. U58884 [35] ) and a human EST sequence (accession no. AA687496). The Lys C-48 and Lys C-15 peptides corresponded to amino acids 79 to 94 and 135 to 144 of the mouse SH3P7 protein, respectively (see Fig. 1 ). The EST sequence entry no. AA687496 is likely to represent a partial cDNA clone of the human SH3P7 homologue. The presence of SH3P7 in antiphosphotyrosine precipitates from pervanadate-H 2 O 2 -stimulated J558L␦m7.1 cells suggested a signaling function for this protein in activated B cells.
Sequence analysis of SH3P7. The open reading frame in the SH3P7 cDNA predicts a protein of 433 amino acids, with a calculated molecular mass of 48.4 kDa and an isoelectric point of 4.8. We performed an amino acid sequence comparison of SH3P7 with proteins from the GenBank database and used the Hein method to align related proteins. As shown in Fig. 1 (lower panel), the N-terminal 140 amino acids of SH3P7 have significant similarity to the actin-binding proteins drebrin, coactosin, and Abp-1 (9, 10, 33) . The closest similarity is found between SH3P7 from mouse and human to the brain-specific drebrin proteins from chicken, i.e., 43% sequence identity and 22% conservative changes. Coactosin and Abp-1 from Dictyostelium discoideum and Saccharomyces exiguus, respectively, show more sequence variations. In all cases, a very high degree of similarity was found between two conserved tryptophan residues, from which it is known that they can act as central elements in protein domain folding. Interestingly, coactosin consists of only 146 amino acids comprising the entire region of similarity. In that part of the protein, the mouse SH3P7 and the translated human EST sequence exhibit only four amino acid changes. We conclude that the described region has similar functions in SH3P7, coactosin, Abp-1, and drebrin. Using the initial letters of the names of the four proteins, we propose the name SCAD for this region. The SCAD regions of the four proteins may exhibit similar folding patterns and may define a new type of protein module, such as the SH2, SH3, or PH domain.
C-terminal of the SCAD region, SH3P7 is rich in positively and negatively charged amino acids (Fig. 1, upper panel) which may adopt an ␣-helical structure. This part of the protein contains four repeats with the consensus sequence R/KXEEXR. A putative binding motif for SH3 domains is at positions 304 to 313. It contains the consensus PXXP sequence, which is flanked on either side by positively charged amino acids. Two of 13 total tyrosine residues of SH3P7 are located within con-sensus phosphorylation motifs. These tyrosine residues are at positions 337 and 347 and are both followed by proline residues in the Yϩ3 and Yϩ4 positions. A C-terminal SH3 domain explains the ability of SH3P7 to bind proline-rich peptides (35) . In summary, our analysis revealed that SH3P7 bears a number of amino acid sequence motifs which could mediate specific protein-protein interactions.
Expression analysis of SH3P7. To functionally characterize SH3P7, two peptide antiserum samples were generated and used for immunoblot analysis of different mouse and human cell lines (Fig. 2a) . SH3P7 is detected as a 55-kDa protein in the mouse B-cell lines 33-1-1, WEHI-231, K46m, and J558Lm3 (lanes 1 to 4), which represent the pre-B, immature, mature, and plasma cell stage of B-cell development, respectively. The human SH3P7 was detected in Ramos B cells and Jurkat T cells (lanes 5 and 6). Also, the mouse macrophage cell line S388 and NIH 3T3 fibroblasts express SH3P7 (lanes 7 and 8). When lysates from different mouse tissues were analyzed ( Fig. 2b) , the 55-kDa protein species was detected in testis, heart, and lung (lanes 2, 5, and 6) and was most prominent in brain, thymus, and spleen (lane 4, 7, and 8). Expression in ovaries and muscle was weak or nonexistent (lanes 1 and 3) . In ovaries, muscle, and testis, our antibodies reacted with an unidentified protein species of about 32 kDa which seems to be enriched in ovaries. In summary, SH3P7 migrates in SDS-PAGE with an apparent molecular mass of about 55 kDa and is expressed in all tested cell lines and in a number of tissues. The difference between the predicted molecular mass and the apparent molecular mass may result from the high content of charged amino acids, which can lead to retarded protein migration in SDS-PAGE. Using expression constructs that are based on the SH3P7 cDNA and that encode a tagged fusion protein, we confirmed that the apparent molecular mass of SH3P7 is 55 kDa (see below, Fig. 4d ).
Tyrosine phosphorylation of SH3P7. To address the role of SH3P7 in signal transduction, different B-cell lines and Jurkat T cells were stimulated through their antigen receptors or with pervanadate-H 2 O 2 . Tyrosine-phosphorylated proteins were immunoprecipitated and subjected to anti-SH3P7 immunoblotting (Fig. 3a) . SH3P7 was detected in antiphosphotyrosine precipitates from anti-immunoglobulin M (IgM)-stimulated WEHI-231, K46m, and Ramos B cells (lanes 2, 4, and 8). As expected, a strong SH3P7 signal was observed in precipitates from pervanadate-H 2 O 2 -stimulated J558Lm3 (lane 6) and J558L␦m7.1 (data not shown) cells. SH3P7 was also present in antiphosphotyrosine precipitates from TCR-stimulated Jurkat T cells (lane 10), although the signal was weaker than that obtained from BCR-stimulated B cells. No SH3P7 signal was detectable in the analysis of unstimulated cells (lanes 1, 3, 5, 7 , and 9).
The results indicated that SH3P7 is involved not only in BCR-but also in TCR-mediated signaling. However, purification of SH3P7 with antiphosphotyrosine antibodies could be due to the association of SH3P7 with one or more phosphorylated protein(s) or to tyrosine phosphorylation of SH3P7 itself. To discriminate between the two possibilities, SH3P7 was immunoprecipitated from unstimulated and stimulated B-cell lines and analyzed by antiphosphotyrosine immunoblotting. Figure 3b shows that purified SH3P7 from stimulated, but not unstimulated, WEHI-231, K46m, and J558Lm3 cells is phosphorylated (lanes 1 to 6) . The 60-kDa-62-kDa protein doublet in precipitates from K46m cells is derived from the endogenous ␥2am heavy chain (lanes 3 to 4). Control experiments with metabolically labeled cells showed that SH3P7 can be precipitated to equal amounts from unstimulated and stimulated cells (data not shown). Collectively the data show that SH3P7 is a substrate for activated PTKs in mouse B-cell lines. As shown in Fig. 3c , the same is true for the human B-cell line Ramos (lanes 3 and 4) and for purified B cells of mouse spleen (lanes 7 to 8). In this experiment, antiphosphotyrosine precipitates (lanes 1 to 2 and 5 to 6) and anti-SH3P7 precipitates (lanes 3 to 4 and 7 to 8) were analyzed in parallel. The comparison revealed that SH3P7 migrates between two phosphoproteins, which we identified as the 53-and 56-kDa isoforms of tyrosine-phosphorylated Lyn (data not shown). This finding confirms our initial observation that an unidentified phosphoprotein comigrated with Lyn and might explain why tyrosinephosphorylated SH3P7 has been overlooked thus far.
SH3P7 is phosphorylated by Syk, Lyn, and Blk at tyrosines 337 and 347. To test the ability of BCR-regulated PTKs to phosphorylate SH3P7, anti-SH3P7 precipitates were subjected to an in vitro kinase assay with baculovirus-expressed Syk, Lyn, and Blk (Fig. 4a) . Strong SH3P7 phosphorylation was obtained with all three PTKs (lanes 6 to 8). After phosphorylation by Syk and Lyn, a phosphoprotein was detected which migrates slightly above the 55-kDa protein band of SH3P7 (lanes 6 and 7). This upper band is likely to be a differently phosphorylated form of SH3P7, because a similar protein doublet was recognized by anti-SH3P7 antibodies (compare Fig. 3a, lanes 6 and  8) . The 50-kDa phosphoprotein seen in the Syk kinase assay (Fig. 4a, lane 6 ) might result from a degradation product of SH3P7 or from a Syk substrate that was copurified with SH3P7. No phosphorylated proteins were detected when the same assays were performed with rabbit control serum (lanes 1 to 4) or when recombinant PTKs were omitted (lane 5). The latter finding indicates that under our experimental conditions, no endogenous PTK coprecipitated with SH3P7.
Next, we incubated recombinant PTKs with GST fusion proteins encompassing SH3P7-derived amino acids 1 to 337, 1 to 433 (full length), and 303 to 433. Antiphosphotyrosine immunoblotting demonstrated Lyn-, Blk-, and Syk-mediated phosphorylation of GST fusion proteins encompassing either the complete or the C-terminal 101 amino acids (Fig. 4b, lanes 3,  8, and 13 and lanes 4, 9, and 14) . Even longer exposure of the film did not reveal any phosphorylation of the first 337 amino acids of SH3P7 (lanes 2, 7, and 13) or of GST itself (lanes 1, 6, and 11). Thus, Lyn, Blk, and Syk are capable of phosphorylating SH3P7 in vitro only within the last 101 amino acids. This suggests that the two YXXP phosphorylation motifs found in this part of the protein contain the dominant phosphorylation sites, i.e., Y337 and Y347. To test this hypothesis, wild-type or mutated SH3P7 carrying either single or double Y3F substitutions were expressed as Flag-tagged fusion proteins in K46 cells. Following stimulation of the cells with pervanadate-H 2 O 2 , the fusion proteins were precipitated with anti-Flag antibodies and analyzed by antiphosphotyrosine and anti-Flag immunoblotting (Fig. 4c) . In all transfectants, but not in mock transfected cells, the SH3P7-Flag proteins were produced and migrated in SDS-PAGE with the expected molecular mass of 55 to 56 kDa (lower panel, lanes 1 to 5). Expression of the wild-type SH3P7-Flag (lane 2) was lower than that of the mutants (lanes 3 to 5). Phosphorylation was found for wildtype and for singly mutated SH3P7-Flag (Y337F or Y347F) but not for the doubly mutated SH3P7-Flag (Y337F and Y347F) (Fig. 4c, upper panel) . Considering the low expression of the wild-type fusion protein, the similar intensities of the antiphosphotyrosine-derived signals demonstrate that a single Y3F mutation leads to reduced phosphorylation. In summary, the experiments identify tyrosine residues 337 and 347 as the only phosphorylation sites in vitro and in vivo.
SH3P7 is associated with the actin cytoskeleton. To test for a possible association of SH3P7 with the actin-containing cytoskeleton, a fusion protein between GFP and SH3P7, GFP-SH3P7, was transiently expressed in NIH 3T3 fibroblasts. Fibroblasts were chosen because lymphocytes contain only a small cytoplasmic compartment, which does not allow microscopic detection of subcellular structures. Transfectants were fixed in 3% paraformaldehyde to preserve the cytoskeleton architecture and were analyzed by confocal microscopy (Fig. 5) . The GFP-SH3P7 fusion protein was found in the cytoplasm of the cells but not in the nucleus (Fig. 5a ). It became organized into fiber-like structures which were also stained by phalloidin (Fig. 5b) . This compound binds specifically to filamentous actin (F-actin) and hence stains the actin cytoskeleton. Figure 5c shows that GFP-SH3P7 and F-actin fibers colocalize and that both proteins are enriched in submembraneous patches of the cortical cytoplasm. The GFP-SH3P7 and F-actin-containing fibers were destroyed following treatment of the cells with cytochalasin D (data not shown), which disrupts the actin cytoskeleton. In contrast to what occurred with GFP-SH3P7 transfectants, when NIH 3T3 fibroblasts expressing large amounts of GFP only or a GFP-B-Raf fusion protein were fixed with methanol to allow diffusion of cytosolic proteins, only a very faint signal was detected in the two latter cell lines (data not shown). This confirms that GFP and GFP-B-raf, but not GFP-SH3P7, are soluble proteins and that not all GFP fusion proteins are anchored to the cytoskeleton. We conclude that SH3P7 is directly or indirectly associated with F-actin fibers and is thus a component of the cytoskeleton. 
DISCUSSION
A 55-kDa protein was purified with antiphosphotyrosine antibodies from pervanadate-H 2 O 2 -stimulated J558L␦m7.1 cells. Amino acid sequences of two peptides matched to a GenBank cDNA clone, called SH3P7 (35) . Rabbit polyclonal antibodies were generated and employed to characterize the protein. Expression of SH3P7 was found in many cell types and seems not to be restricted to a particular stage of B-cell development. Studies with B-cell lines and splenic B cells showed that upon BCR stimulation, SH3P7 is a direct substrate for activated PTKs. Phosphorylation by Syk and Src family kinases occurs at two consensus tyrosine phosphorylation motifs of the YXXP type. Other sequence motifs in SH3P7 are the SH3 domain and the SCAD region. The SCAD region comprises about 140 amino acids which have significant sequence similarity to drebrin, Abp-1, and coactosin (9, 10, 33) . As shown for the latter proteins, our data reveal an association of SH3P7 with actin fibers of the cytoskeleton. The data identify SH3P7 as a BCRregulated effector protein with sequence motifs for constitutive and stimulation-dependent protein-protein interactions which couple BCR activation to the cytoskeleton.
The sites of phosphorylation in SH3P7 are the two YXXP motifs (YEVP and YEEP). Very similar phosphorylation motifs are also found in four other adapter proteins which are known targets for activated PTKs in B lymphocytes. These are Cbl (YDVP), p62dok (YELP and YDEP), Cas (7 ϫ YDVP), and SLP-65 (YENP, YEPP, and YVVP). The proto-oncogene product Cbl is a reported substrate for Lyn (23, 38) originally discovered as the transforming gene v-cbl of the murine Casitas NS-1 retrovirus (17) . The p120GAP-associated protein p62dok is tyrosine phosphorylated in response to a variety of stimuli, including BCR activation (5, 45) . The Crkassociated substrate Cas contains a total of 15 YXXP motifs (32) . For six of the seven YDVP sequences in Cas, the sequence similarity to the SH3P7 motifs extends to the Yϩ4 position in that they all have a proline in that position (YXXPP). The SLP-65 protein, which we have recently identified as the B-cell analog of the T-cell adapter protein SLP-76, is the earliest PTK substrate protein in activated B cells and may be part of a BCR transducer complex (43) . Thus, the family of YXXPcontaining adapter proteins has a key regulatory role in signal transduction and can participate in cellular transformation. Upon tyrosine phosphorylation, these proteins can be recognized by and bound to SH2 domain-containing proteins (25) . SH2 domains bind their phosphopeptide ligands in a sequencespecific manner. When a phosphopeptide library was screened with different SH2 domains, tyrosine-phosphorylated peptides having a proline residue in the Yϩ3 position were selected as high-affinity ligands by the SH2 domains of Abl, Crk, and Nck (34) . The SH2-mediated binding of these proteins to phosphorylated YXXP sequences may nucleate the formation of multimeric signaling complexes and may be one way all these proteins contribute to cellular activation and/or neoplastic transformation. Experiments are under way to test whether tyrosine-phosphorylated SH3P7 binds to one or more of the above-mentioned proteins during B-cell activation.
In addition to the transient protein-protein interactions mediated by SH2-phosphotyrosine binding, the SH3 domain of SH3P7 can mediate a stimulation-independent association to proline-rich proteins (11, 21, 28) . SH3 domains are frequently found in proteins of the cytoskeleton. The SH3 domain of SH3P7 is most closely related to that of cortactin, HS1, and Abp-1 (data not shown). The SH3 domain is separated from the N terminus of SH3P7 by a stretch of highly charged amino acids containing four repeats of the consensus sequence R/KXEEXR. The RE-rich hexamer is found in a number of other proteins, for example, drebrins, troponin I, and caldesmon (data not shown), but not in coactosin and Abp-1. This part of SH3P7 could adopt an ␣-helical, rod-like structure, which may function to prevent an intramolecular interaction between the C-terminal SH3 domain and the N-terminal part of the protein, which contains the SCAD region.
Four features of the SCAD region strongly suggest that it represents a new type of protein module which mediates the specific binding to actin. First, the SCAD region is found in distantly related proteins from different organisms, demonstrating that the structural folding of the SCAD region is independent of surrounding sequences. This is particularly evident in coactosin, where the entire protein is composed of one SCAD region. Second, a very high degree of sequence similarity is clustered around two conserved tryptophan residues, a characteristic also described for SH3 and WW domains (21, 36) . The crystal structure analysis of the latter two modules revealed that the bulky tryptophan residue is a central element for the three-dimensional folding of the domain. Third, despite the evolutionary distance of the organisms from which the SCAD-containing proteins were isolated, the degree of sequence similarity between their SCAD regions is even higher than that found between PH domains or between certain SH2 domains (data not shown). Finally, all four SCAD-containing proteins are linked to cellular functions that involve the actin cytoskeleton. The known isoforms of the neuron-specific drebrin proteins (A, E1, and E2) directly bind actin and regulate actin filament assembly (33) . Drebrin E-actin complexes accumulate in the submembranous, cortical cytoplasm, and overexpression of drebrin E in fibroblasts results in the formation of cell processes. The yeast F-actin-binding protein Abp-1 is associated with the cortical cytoskeleton and plays a role in endocytosis (10, 41) . The latter function is dependent on the Abp-1 SH3 domain, which binds to the adenylate cyclaseassociated protein CAP, a positive regulator of cyclic AMP synthesis (13, 41) . Most strikingly, coactosin, which does not possess amino acids in addition to the SCAD region, binds to F-actin (9) . This enhances F-actin polymerization by antagonizing the binding of F-actin-capping proteins, which retard the process (30) . The colocalization of SH3P7 with actin fibers and its sensitivity to cytochalasin D show that SH3P7 is also linked to the actin cytoskeleton and may participate in its reorganization.
The functional significance of the cytoskeleton for lymphocyte development and activation is now established. A stimulation-dependent and -independent association of cytoskeletal components with both B-and T-cell antigen receptors has been reported previously (4, 20, 24, 31) . Antigen-mediated reorganization of the microtubule-organizing center in T cells and the F-actin assembly in B cells is ITAM dependent (6, 19) . A functional actin cytoskeleton is thought to be a prerequisite for the internalization of BCR-antigen complexes leading to antigen processing and presentation to T cells. The most compelling and direct evidence that the actin cytoskeleton is required for antigen receptor signaling is provided by the analysis of mice deficient for the vav proto-oncogene (12, 15) . Tyrosinephosphorylated Vav exhibits GDP/GTP exchange activity for the Rho-like small GTPase Rac 1 (7), which regulates reorganization of the cytoskeleton (27) . In the absence of Vav, T cells fail to induce antigen-mediated actin polymerization and clustering of T-cell receptors into patches and caps (12, 15) . Other signaling defects include reduced Ca 2ϩ mobilization and NFAT-mediated transcriptional activation. These observations help to explain the impaired development of T and B cells in Vav-deficient mice (12, 15, 37, 47) . A physical association of Vav with components of the cytoskeleton was demonstrated by coimmunoprecipitation with talin and vinculin (12) . Coupling of Vav to antigen receptors may involve its association to SLP-76 in T cells (40, 44) and to SLP-65 in B cells (43) . These results indicate that in lymphocytes, the cytoskeleton plays a role not only in the organization of cell shape and morphology but also in the structural organization of early and late signaling events. The molecular mechanisms underlying these processes are unclear. Our data implicate SH3P7 as a second effector molecule that transmits signals from lymphocyte antigen receptors to the cytoskeleton. Like other adapter proteins, SH3P7 may act as regulatory element to achieve and maintain specificity within the network of signaling proteins.
